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Claims 1-18 are cancelled. 

19 Aa mt£f&ce device for CTiabling a user to snatiallv navigate a dispfaygdjaaohkri 
menu with a displayed eraohical Dointcr. tfaft graphical menu having a pluraUtv of mgnu 
elements, and far enabli ng said user to more easUv select a menu element from sgid graphical 
menu b\LP rpviding tactile feedback to said user when said graphical pointer i$ moved from one 
ppj^y. «ii>iTii»int t o the next menu element in said graphical menu, said interface device 
compiigiag: 

fa> a handle to be mantpulated mamiallv bv a user in act leaat two planar degrees of 
freedom: 

0^) a actMtQT Rff^^ratn^B gpngatiffM to felt by ^4 ^hm^ 

axis actuator applies forces to the user's hand onlv along a z^axia degree of freedom when current 
is flowed dgpugh a ooition of said actuator. Kiid z-axis degree of freedom being different ftom 
and substatrriallv perpendicular to said two planar degrees of freedom: 

fc^ a sensor that produces a locative r.m;?,^ Tffffffftns^ve to and coxiespondinff 
mOtiOa in Raid fft l«gt X^<? feSffg? <;>f freedom; 

(d\ a button that produces a status signal in response to bcinp pressed bv said user: and 

M an embedded microprocessor local to said interiSac e device and coupled to said sensor. 
to said button- and to said actuator^ aatd microprocessor performing: 

^dit>fr hnndl q movement data and butto n data to a host computer ^ ^mrr^unicat^^T^ 
j?us such that said host computer can update displayed pointer locations witfi re spect to said 

receiving desired force values from said host computer, said desired foice values 
correlated widi particular pointer locations displayed bv said host computer, and 

p^tTf^lliT^ ff said z-axis actuator in accordance with said received desired force values so 
ag to provide said tactile sensations to said user that are correlated with the location of said 
displayed graphical p m-ntftr rfi'cpiapyed wrthin said graphical menu> 

20. An interface device as recit^ in d f^iTnt i<> ^Iitoip said z-axis actuator toparts_said 
tactile sensaliops upon said handle along a z»axis orthogonal to said at least two degrees of 
freedom, 

^1 ATI ^rtt^A ce device as recited in claim 19 wherein sai<? ^"^^B? phvsioaUv coupled 
to a support mechanism that is grounded and aUows linear displacement between said handle and 

22. An interface device as recited in claim 19 -wherein said sensor is an optical gensor 
^^"T ^r^V^^ myitter and a detector. 
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23. An interface device as rfHVited tn claim 22 wherein Raid emitter moves when said 
handle is moved, pitoiectmg liAt tipon said detector. 

24. An interface device as Tftcitedjtf^ f;lAin^ ^herein said detector detects motjon of 
said emitter in two mutually perpeadiciJar direotions. 

Claims 25-26 are cancelled. 

27> An interface dervice as rec itpd iti olaTm 19 fiirtfaer comprising a memorv that stoore^ 
values that are rgnnesenlatrve of the locations of images displaved bv said host computer. 

28. An interface, device as recited in ff^fflm 27 wherein said locations include the 
IWfttiQW Qf jjcQ^g feplayssq t>Y said host; fiomptttg, 

29. An interface device as recited in claim 19 wherein said handle \% a iov^'cTc 

30. An interface device as icdted in claim 19 wherein said handle is a mouse. 

31. An interface dervice aa r^t^ in plflin^ 19 wherefai said mictppiocessor receives 
^^f^^l^Y ^Ti foimation from said host computer over said communication bus. 

32. An interface device ^ \j\ gl^in \9 whCTTOl gffl<^ tactile sensa;ipns inqlvKte fi 
viscous dtag force. 

33. An interface device isjcecit^ ^> f^iftir» 19 \<^erein said tactite sensations inclxide an 

34. An interface device as recited tn claim 33 whegcpin said attractive force is iised to 
assist a user in positKaring^saidj iigplaved ppiptg- intp said graphical menu. 



Claims 35-36 are cancelled. 
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37. An interface device as recited ^laiTri herein said z-axis actoator is a flat coil 

38- An inferfacc device as i> r^fAr^ x^h^r. thp mafenet aasodated with said at 

least one flat cofl actuator la fixed xvith respect to sftid origin and wfaerein the coil moves with 

39. An interface device aa recited in claim 19_wlierein sai4 7"^9ff?P* ^^Qr rece ives code 
oyer a coinmTiiiication bus ftom a host con;pmer and executes sa id code, sai^ "^"i^mm^*??*^™ ^ 
jlpclttding . ^^eri^ iql^yfecy bug, 

Claim 40 is cancelled. 

41 . A dervice for use in ggi\j»^r^n p with a host eomputcr iriHnriing n computer display, 
6aid host eomntiter disnlaving a graphical envfropment including a disoUved graphical poiiltcg 
controlled bv a uaer. said device comprising! 

a hmdlg to maiOTttlate4 mmiflllY !?Y SM4 in »t ^east two planar dQCT^ 9f 
freedom: 

a z-axis actuator to generate a tactile sensation to be felt bv said u&er. said z-axis actuatoa; 
applying forces to the user^s hand onlv along a z»axis degree of freedom when current is flowed 
through a pottian of s aid actuator, said z-axis deferee of freedom being different from and. 
ai^>stpqtiallv perpgndicular to said tw o planar degrees of freedom: 

a sensor that produces a loc i^t^vft ftipnAi tegponsive to and corresponding wifli a positjon 
or motion of said handle in said at least two degrees offreedom; 

a button that produces a status sieaal in response to being pressed bv said user and 

control electronics local to said device and coupled to said sensor an4 actuator and 
said button, said control electronics perfonYilTifr the following* 

fiPmriiTitr hnn dle movcmp m f1^^? A nd button d ata fff i^td host computer over a 
gQTnTnmricAtion bnA guch that said host conaouter can update a displayed pointerJo cation in said 
^)[a,vff4 fflfflihi^ftl ynfyirgTirn^ti 

lecelvipgL a force value from said host computer, said force value correlated with said 
TOdatrf <lml^m4 pointer location^ ap<i 

cnTitTollmg ^d z-axis actuator in accordance with said lecerved fbrce_v ahie so as to 
provide said tactile sensation to said user that is corralated with the location of said digftlaved 
graphical pomter displaye d within said displayed graohical environment. 
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42> A device as recited in daim 54 wherein said microco)n;troller inns a prosram 
contained, at lea^t in cart, in memotv coooled to said mierocontroUer. and -wherein said memotv 
also stores location infonnation ^ch correspgnds wifli im^ f><: a computer display 

coupled to said host ccmputef . 

43. A device aa recitad ir r^a\TT, M whareia aaid tocarioii infiaimation inehides 
infoimarion relarinarto the locatien of an icon on said graphical display. 

■ 

44. A device as recited in claim 42 w herein said location infbnnatiop inclttdes 
^'"^""""♦'TIT rTflfftintf Iff ttlT location of a window on said graphical display. 

45. A device as recited '^Io^tt a? wherein si^,^| 1^*^"", inffarmation inehides 
information relating to fee locatjcn of a graphical button on said graphical display. 



46. A device as recited in claim 42 wherein aaid images include a curtor interactintt with 
anoiher object displayed on said computer display. 

47. A device a s recited in nhrr ^ ^^w&n said cursor interacts with an icoa image 
dieolaved on said computer display. ^ 

Claim 48 is cancelled. 

49. A <tovi^ as recited in claim 41 wherein said at least two degrees of freedom ace 
T?^*1»Ti liryT degrees of freedom. , j 



Claim 50 is cancelled. 
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51. A device as recited in claim 41 wherein gaid control electronics calgulates_fi»ce 
feedback forces based on comm »niig reeei ved from said host computer. 

52. A device as recited in claim 41 wherein said handle is moveable in a planp. 

53. A device a s recited in clam^ ^yh^^rgin said haoHU silso Tr^riyiif^T^^^ ^^^^^ ^ r^ms 
that is app ^yyiTT^g^^ffH YperpCTdicnlar to said plane. 

54. A device as recited in claim 41 wherein said control electronics inchide an embedded 
micfocontroHer. 

55. A device as recited in claim 41 whereia said tactile sensation is applied to correspond 
with said displayed pointer interacting with a displayed graphical meam to enable said BSCT to 
more easily select ^ ffiquu item from said displayed graph ical menu bv nroviding tactile feedback 
to said user when said di&plaYtxi graphical pointer is moved from one menu i tem to a next menu 
item in said graphical menu. 

56. A devicft as recited in ^\ Wll^m said tactile sensation is applied to correspond 
with said displayed p<ag ter interacting with a displayed button. 

57. A device as recited in q ^^i'th ai w^f roin said tactfle sensation i s anpUed to correspond 
with said displatved pointer interacting with a displayed window. 

58. A device as recited ffT^Tm 41 ij vhcreia said tactQe sensation is applied to corresp_Qnd 
with said displayed pointer interacting with a displayed icon. 



59. An interface device for nse witib. a hogt ^^"^r^tTT displacvinfl: a graphical auplicarion 
%n a display device^ said host computer displaying, executing, and trndatiog graphica l objects in a 
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graphical environment in response to user manmiilatioa of said interface device and commanding 
force, feect >^anV Mm^ations in response to sa id iiser.g3iam pulatiQn and in coordir^^t^ wit)^ fff^ 
Rrafthigftllt;^QWQCtSi said g^pMpa flfrl^^ jncludii^^ 3^ ff^pftical yomt^^ tt^9 device 

a physical object grasp *^ pnnTywiin|<^>yi o bv a mcr m two planar deeees of freedom; 

flf Tcagt HTiR Tigris nntiifltnr coiipTed to said physical obiect for receiving a force control 
signal and impartine forces along at least one degree of freedom of said physical object and in 
accordance with said force control signaL said forces appUed alone a z-qxia decree of freedom 
thRr rtiff^rent from and substantiall v perpgndioii ni- to «Airt i^r^ pimar degrees of freedom: 

a sensor that detects motion of said physical obiect along said at least one degree of 
freedom and outputs signals relating to fee position of said physical object: 

a^jiserwadinstable switch apparatus providing a state signal rgpreaenting a state of said 
switch appat^tuj^^ j^i^ 

a microprocessor local to said interface device, separate from said host computer, and 
goiqpled to said host comptrter. to said sensor, and to said gwitch apparatus- said microprocessor 

force values from said host computer, said force values correlated with particular 
locations of said graphical pointer in said graphical enviropment displayed hv said host 
computeTp 

^^?t^ f^fTT^I fmr\ switch aopaiatus, and 
said denals fiom^saidusenson 

said microprocessor executing a process in parallel with said host execution of 
said graphical apphcation and providing said force control signal to said at least one 
actuator to unpait_said forces in accordance with said received foree values so as to 
provide tactfle seasatjons to s^d user that are correlared with the location of said 
dispteytf gffphipal poiirter. 



60. The interface device claimed in claim 59 wherein said graphical objects inchide a 
displayed graphical memu wherein said tactile sensgtions enable said user to mo re easily select a 
menu elemmt from said displayed grHPhical menu bv providing said tactile sensations to said 
user when said graphical pointer is moved from one menu element to thei_nfiqct menu element in 
said graphical m^u, . . ^ ^ W^^ 

Claims 61-62 are cancelled. 

63, A metho d fer contrQi L'ni^ a ftTfg feedback interface device using a host compnter. 
said interface device manipulated bv a user, a display device coupled to said host computer 
displaying a graphical user intgrfaceJncludinq p^ape^ updating said graphical user interfece 
in resoonge to said manipulatiQn of said interface device, said interface device oonvevingjfotcg 
feedback sensations to said oscr io response to said manipulations, the method conyrising: 
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aendin y a txasition signal to^d host coinotiter> said POsitioxi signal mcfadrnR inform ^gn 
representative of the motioii or t>06ition of » of gaid interfa ce device in two planar deareea 

of freedoiP , ^ffPB ffftVPf g?l!v manipiilated bv said user, wherem said bost compi^ 

\q>dates the location of a cursor w ithin said graphical user interface in response to said position 

receiving a force value fixmi said host com p^^^fti- a micropna oessor local to said force 
feedback interface device, said force value coccelated with said location of said cvirson and 

controlling a z^axis q^toator in acc nTirl^9<;s with said received force value to provide a 
tactile sen aation to said user that is correlated with said location of said cursor in $aid graabifial 
user interface- said tactile sen&atj pn ap fplied to the user's hand along a z-axis degree of 

fineedona. said znaxis degree of freedom be iTif^ difTmrot fiom and substantiallv pereendicular to 
gri^ two plqflf^r 9f frgyfem^ 

64. A method as rec ^^ h ff^iip ^j? a sensor signal is input to said 
micro processor, said micTDiyrooessor calculatine^ d tx^sition sipnal based on said sensor sjmaL 

' Rflid micnoprocessor r^ftinp^ said position signal to said host computer. 

65. A method as recited hi claim 63 wherdn said handle includes a iovstiQk that can be 
moved bv said user in two deg rees of freedom, 

66. A method as recited jjO ^Ifi^^ ^ wKf-r^in ^^id graphical U5;er interface provides 
graphical objects for interfacinp with an application rm>gn fiTir^ y^T^m'rt ^ on said host compu ter^ said 
eraphical objects includin g an icon, a window, and a menu. 

Claims 67-75 are cancelled. 

76, A hmnan-computer interfeca device for controlKng a firaphic^ cursor displayed bv a 
hofit computer and fbr providing tactile feedback to a user in accordance wiA displayed 
interactiong between said cursor and other praphieal objects disp layed bv said host computer- 
ssid inte rface device comprising: 

a pfevsical object to be moved bv a user in two p la:i(iar degrees of fteedom: 



one or more sensors that produce a locative signal responsive to and indicative of thP 
position of said physical object in sa id two planar degrees of freedom: 
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a z-axia actoator that applies force to the iiseg 'f^ ^ z-axis deareg of 

freedom when current is flowed tfa ioueh a tx>rtion of said_actuatpr. said Zi-arifi d<Pgn?c of fireedftin 
being different from and gubstantiallv perpendicular to said two planp ^ i^^^i^^ freedoTn: and 

microprocessor separate from and in ^YYimtmieation with said host computey, said 
miciQPTOcessor coupled to said aen&or and to said actuator, whereip $aid micxQPrPCCg$Ot receive? 
fieaired force valaes from said ho st computer^ said desired force vahiea oorrelated with particular 
pointer locations displayed bv said host computer^ said micropicc essor controlling cunem 
through said portion of said actuator in accordance wife said received force values. ^ 

77. An interface device as recited in clai > 7^ wh erein said two planar degrees of 
freedom are x and v axes paraUeLto a flat surface on which said interface device rests and said z- 
axis degree of freedom is substantiall v p^endicular to said x and v axes. 

78, An interface device as r ecited in claim 76 wherein said interface device is a mouse 
device and wherein said physical obj ect is a mouse, 

79, An interface device as recited in c laim 76 whetwhi said aciuatrrr includes a wire coil 
thrpush which said <airrent is flowed, 

80. An interface deyice as recited 3 1;^ rifmm 79 wherein said actuator fnchidea a magnet 

I core. 

^ 8L An interfaoe device as recited in claim 80 wherein Mid mumtt conB is an E-corg, 

^ 82. An interfa ce device as recited in claim. 76 whCTCin sold sensor is an optical sen^oy, 

83- An intfirface device as rerlTi>fl | \k\ dajm wherein said sensor is an encoder. 

84, An interface device as recited in ^TAi'm flirther comprising a permanent spring 
cctyled between said physical object and said actuator- 

85. An interface device as recited in cla im 76 wherein said arhu^tor i« controlled to 
^pdicflte when the cursor displayed on fl^e host COPtPUtcr is moved from one dimlavrf mga^ 
element to another displayed menu element. 

^ 86. An interface device as redfa ^ i^ ^^ifti"^ 76 wherein said actuator is controlled to 
indicate when the curso r displaved on the host computer crosses a window boundary. 

87, An interface device as i^itod in claim_76 wherein sddac^ 
said force to 8ai<? inLw^ft h^^fl \^ jpdi caie when the cursor displaved on the hos t computer is 
positioned over a graphical element. 
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88. An interface device as redted in fclaim 76 wfagrein atid actaator inelud fe s a pottioa 
that i$ movwiMc bv amd mer alone a z-axis to provide z-axis con trol to said host comnnter. 

Claims 89-91 

9,2, An iirtarface device as recited in claim 76 w^erem a physical tactile element is 
Ptwsicall^t^coaDled to said aetuaiof and is moved to miMia P' ^ exmlv nfegsure to gaid uaer'a 
hand. 

93. An i nter&ce device as recited in c itrim 07, wfaetein said physical tactile element 
anpKeg presimnB upoyi ^ ttfiftT'rl ^T-"^ pressing upward on said h«n^ yh^ n said current ia 
flowed through said portion of said actuator. 



Claims 94-108 are cancelled. 



